IMPORTANCE Breast reconstruction has the potential to improve a person's body image and quality of life but has important risks. Variations in who undergoes breast reconstruction have led to questions about the quality of patient decisions.
B reast reconstruction after mastectomy has the potential to improve a person's body image and quality of life but has important risks. 1 Variations in who undergoes reconstruction, by geography, race/ethnicity, and insurance status, have led to questions about the quality of decision making about the procedure. [2] [3] [4] [5] [6] The decision about whether to undergo breast reconstruction is a preference-sensitive one, in that the optimal choice depends in part on personal goals. 7 For such choices, decision quality has been defined as the extent to which the decision is informed and consistent with patients' preferences. 8, 9 It remains unclear, however, how well decisions about breast reconstruction reflect patients' informed preferences. Most prior research has been retrospective, evaluating decisions months or even years after treatment. 2, 6, [10] [11] [12] [13] [14] [15] [16] In those studies, most patients who underwent mastectomy reported being advised of reconstruction by their clinicians. 2, 11, 13 Their knowledge about the pros and cons of reconstruction, however, was limited. 15 Few studies of reconstruction decisions have elicited patients' preferences specific to breast reconstruction 2, 15 or explored how well those preferences match treatment choices. 15 We sought to evaluate the quality of decisions about breast reconstruction after mastectomy. We were specifically interested in how often patients comprehended the major pros and cons of treatment alternatives and received treatment concordant with personal preferences.
Methods

Study Design
This single-center, prospective cross-sectional study was conducted in the breast clinic of the North Carolina Cancer Hospital, a public, National Cancer Institute-designated comprehensive cancer center. The clinic had 4 surgical oncologists and approximately 500 new patients with early-stage breast cancer annually. Study procedures were approved by an advisory board of 2 bioethicists and 2 breast cancer survivors, and the University of North Carolina Institutional Review Board. It was also registered with clinicaltrials.gov (NCT01488357). Participants provided written informed consent.
Study Population
We enrolled women 21 years of age or older who were planning to undergo mastectomy for stage I to III invasive ductal or lobular breast cancer, ductal carcinoma in situ, or prophylaxis. We excluded patients with stage IV disease, other cancers, and those with an impaired capacity to make a decision. We excluded patients who could not read or speak English because study measures were in English only. We planned a sample size of 118 participants, to have 77% power to detect a 10-point difference in quality of life, the study's primary end point.
Enrollment
Enrollment occurred from June 27, 2012, to February 28, 2014. We identified potential participants by screening clinic schedules and confirmed eligibility at a multidisciplinary conference. A research assistant approached eligible patients, described the study, and provided detailed written study information and a consent form. She advised patients that participation was optional and would not affect their care. We attempted to approach all eligible patients and enroll them in the clinic. Patients who were missed in the clinic or who asked to be enrolled later were contacted by mail.
Enrolled participants were given a printed questionnaire to be completed in the clinic or at home. Those who did not return the questionnaire in 2 weeks were called by telephone. Those who did not return the questionnaire in 4 weeks received another copy by mail. Participants who completed the questionnaire before surgery received a $25 gift card. Those who did not complete the questionnaire before surgery were considered ineligible.
Variables
The questionnaire covered demographics, knowledge, preferences, involvement in decision making, quality of life, and body image. It was evaluated with cognitive interviews with 5 healthy individuals and 5 breast cancer survivors and was revised appropriately. The revised questionnaire was pilot-tested with 3 healthy individuals. We collected medical, treatment, and demographic data from the patients' medical records.
Demographics
We asked questions about educational attainment, marital status, race/ethnicity, employment, and income.
Knowledge
Participants completed all scales of the Decision Quality Instrument. 15, 17 The knowledge scale contains 9 validated, multiple-choice questions about recovery, number of surgical procedures, flaps vs implants, complication risk, radiotherapy effects, surveillance, evidence about satisfaction after reconstruction, and risk of recurrence. A previous study has reported results for the knowledge items. 18 
Preferences
We elicited preferences about 4 attributes of the treatment options: having a breast shape after mastectomy with or without clothes, complication risk, number of surgical procedures, and recovery time. Patients had identified these attributes as important to their decisions in prior qualitative and quantitative work. 15, 17 We considered using the Decision
Key Points
Question What is the quality of patient decisions about breast reconstruction after mastectomy?
Findings In this cross-sectional survey study of 126 women, a minority of participants (43.3%) made a high-quality decision, defined as having knowledge of at least half of the important facts and undergoing treatment concordant with one's personal preferences.
Meaning Decisions about breast reconstruction after mastectomy could be improved.
Quality Instrument preferences scale, which includes need for a prosthesis, body image, and sexuality. However, in prior work, body image and sexuality were not key preferences associated with treatment choice. We thought that the prosthesis attribute was directly related to and overlapped with the existing attribute, "having a breast shape with or without clothes." During measure development, comprehension of ranking scales was higher with 4, rather than 6, attributes. We used 3 common preference elicitation techniques: rating, ranking, and stated preference. 19 Participants rated the importance of each attribute to their decision on a scale from 0 to 5 (with 0 as least important and 5 as most important). They then ranked the attributes by importance. We used both rating and ranking because they have complementary advantages and disadvantages. 20 Rating is comprehensible, allows for small differences, and does not depend on comprehension of every attribute. However, it permits the same rating for multiple attributes and ceiling effects. Ranking has the advantage of forcing tradeoffs but can result in false precision and can be harder to comprehend.
Calculated Treatment Preference
We used rating and ranking to calculate which treatment was preferred, using approaches that have been described elsewhere. 19, 20 For a given patient, if her rating for having a breast shape was higher than for all other attributes, the calculated treatment preference was mastectomy with reconstruction. If the rating for having a breast shape was lower than for all other attributes, the calculated treatment preference was mastectomy only. If the rating for having a breast shape was neither higher nor lower than all other ratings, we then used rankings. If the ranking for having a breast shape was first or second, the calculated treatment preference was mastectomy with reconstruction. Otherwise, the calculated treatment preference was mastectomy only. This approach errs on the side of finding that a woman preferred reconstruction. Some might argue that if a patient does not rate having a breast shape higher than all other attributes and does not rank that attribute first, her calculated treatment preference should be mastectomy only. That approach is somewhat more stringent, in that it errs on the side of finding that a woman preferred mastectomy only. We tested that more stringent threshold, defining calculated treatment preference as mastectomy with reconstruction, only if the ranking for having a breast shape was first; otherwise, it was mastectomy only.
Stated Treatment Preference and Treatment Received
A multiple-choice item asked which treatment the participant intended to have. We then examined which treatment was received (mastectomy only or mastectomy with reconstruction). Because clinicians at this site generally delayed reconstruction in patients receiving radiotherapy after mastectomy, we adjusted the definition of treatment received. Specifically, if a patient underwent mastectomy only and received radiotherapy after mastectomy, and her stated treatment preference was mastectomy with reconstruction, we defined her treatment received as mastectomy with reconstruction, assuming she would eventually undergo delayed reconstruction. Otherwise, treatment received was actual treatment within 1 year.
Involvement in Decision Making
The Decision Quality Instrument 15, 17 was used to measure involvement in decision making.
Calculations of Knowledge Score, Decision Quality, and Involvement Score
Knowledge Score We computed a knowledge score for each participant by dividing the number of correct knowledge questions by 9. Missing responses were considered incorrect. Details on the knowledge findings have been reported separately.
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Decision Quality For a decision to be considered high quality, a patient needed to comprehend her treatment alternatives and receive treatment most concordant with her calculated preference (based on rating and ranking). Thus, we calculated how many participants had a knowledge score of 50% or greater and received their calculated treatment preference. We based this approach on the assessment by Hersch et al 21 of "informed choice." We conducted a sensitivity analysis for the knowledge cutoff.
Involvement Score
We computed an individual involvement score by assigning 1 point for each of 4 involvement questions ("yes" reconstruction was described as an option, "a lot/some" discussion of advantages, "a lot/some" discussion of disadvantages, and "yes" the clinician asked her preference).
Statistical Analyses
We calculated descriptive summary statistics for demographic variables and compared patients with a stated treatment preference of mastectomy only with patients who had a stated treatment preference of mastectomy with reconstruction, using 2-tailed t tests and the Fisher exact test. Seven participants had missing data, so we excluded them from analyses, rather than imputing values. Analyses were performed with SAS, version 9.4 (SAS Inc). P < .05 was considered significant.
Preferences
For rating data, we calculated mean (SD) values for each attribute. We compared responses by stated treatment preference using the Jonckheere-Terpstra test. For ranking data, we calculated the percentage of participants who ranked each attribute as the most important. We compared rankings by stated treatment preference, using the Fisher exact test. We performed separate analyses of patients with or without a malignant neoplasm (eg, BRCA1/2 [OMIM 113705/600185] carriers). Those results were similar, so they are not reported separately.
Preference Concordance
We estimated the concordance between calculated treatment preference and treatment received using a κ statistic. 
Results
Study Population
During the 20-month period, 214 patients were eligible, 182 were approached, and 32 missed. We enrolled 145 patients (79.7% enrollment rate), and received surveys from 131 patients (72.0% participation rate). Nearly all patients chose to complete surveys at home rather than in the clinic. Five participants became ineligible (had surgery elsewhere or completed the surveys after surgery). The final study population was 126 patients ( 
Knowledge
The detailed findings on knowledge have been reported previously. 18 The mean (SD) knowledge score was 58.5% Although mean ratings were generally consistent with stated treatment preference, some individual ratings were not. For example, among 41 women whose stated treatment preference was mastectomy only, 15 rated having a breast shape highly (4 or 5 of 5). Among 78 patients whose stated treatment preference was mastectomy with reconstruction, 13 rated having a breast shape in the 1 to 3 range.
Ranking
Most participants (76 of 116 [65.5%]) ranked complication risk as the most important attribute ( Table 2 ). Among 40 participants whose stated treatment preference was mastectomy only, no one ranked having a breast shape as most important, 7 (17.5%) ranked recovery time as most important, and 29 (72.5%) ranked complication risk as most important. In contrast, among 76 participants whose stated treatment preference was mastectomy with reconstruction, 23 (30.3%) ranked having a breast shape as most important, 4 (5.3%) ranked number of surgical procedures, 2 (2.6%) ranked recovery time, and 47 (61.8%) ranked complication risk as most important.
Calculated Treatment Preference
Based on rating and ranking, 82 of 123 participants (66.7%) had a calculated treatment preference of mastectomy only. Using the more stringent threshold for ranking, 104 of 123 participants (84.6%) had a calculated treatment preference of mastectomy only.
Preference Concordance
Among the 82 participants whose ratings and rankings favored mastectomy only, 39 (47.6%) underwent mastectomy only and therefore had preference-concordant care ( Table 3) . Among the 41 participants whose ratings and rankings favored mastectomy with reconstruction, 36 (87.8%) underwent mastectomy with reconstruction and therefore had preference-concordant care. Overall concordance was 61.0% (κ = 0.29; 95% CI, 0.15-0.42).
Decision Quality
A minority of participants made a high-quality decision (52 of 120 [43.3%]; 6 had missing knowledge or preference data). In multivariable analysis, white race/ethnicity (odds ratio [OR], 2.72; 95% CI, 1.00-7.38; P = .05), having private insurance (OR, 1.61; 95% CI, 1.35-1.93; P < .001), having a high school education or less (vs some college) (OR, 4.84; 95% CI, 1.22-19.21; P = .02), having a college degree (vs some college) (OR, 1.95; 95% CI, 1.53-2.49; P < .001), and not having a malignant neoplasm (OR, 3.13; 95% CI, 1.25-7.85; P = .01) were independently associated with making a high-quality decision ( Table 4) . Sensitivity analysis was performed for the knowledge criterion. With the 60% criterion, 34 of 120 participants (28.3%) made a high-quality decision. With the 70% criterion, 16 of 120 (13.3%) made a high-quality decision.
Discussion
In this sample of patients undergoing mastectomy, a minority of patients made a high-quality decision about breast reconstruction. Specifically, 43.3% of patients had adequate knowledge and underwent treatment concordant with their preferences. Most of the suboptimal decision quality resulted from preference discordance; a smaller proportion had inadequate knowledge. Much of the preference discordance was due to patients undergoing breast reconstruction despite having preferences more consistent with having mastectomy only.
Our findings confirm those of prior retrospective work describing moderately informed decision making about breast cancer treatments. In a study of patients who had undergone mastectomy approximately 2 years before, patients generally received the treatment (reconstruction or not) they preferred but had major knowledge deficits. 15 In a population-based 
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A substantial number of patients in our study appeared to undergo more surgery than they preferred, based on their values for key attributes. This pattern of possible overuse may be associated with patients' strong concern about complications and low knowledge about the actual risk. It may also be associated with more discussion of the advantages than the disadvantages of breast reconstruction. Some patients received less surgery than they apparently preferred. This outcome was relatively uncommon but suggests issues with access to reconstruction. Our finding of limited preference concordance is novel because, to our knowledge, few studies have prospectively elicited preferences about reconstruction or concordance with treatment. Most studies have examined preferences about involvement, 25, 26 and some have examined treatment motivations, 2, 27 which are associated with, but not equivalent to, preferences. In one retrospective study, the goals of using one's own tissue and waking up after mastectomy with reconstruction under way were associated with reconstruction. 26 The goal of avoiding foreign material was associated with mastectomy only.
Strengths and Limitations
Our method for eliciting preferences has strengths and limitations. We based the preference measures on prior qualitative and quantitative work about concerns that are most important to reconstruction decisions. The measures used rating and ranking to address each technique's limitations and were highly comprehensible. They were not validated, however, and 1 attribute (risk of complications) did not significantly discriminate between treatments ( Table 2) . The remaining attributes, however, did discriminate between treatments. We used a somewhat novel approach to evaluating preference concordance. Alternative approaches include comparing stated preference with treatment received or calculating preferred treatment using aggregate multivariable models.
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Our approach avoids some inherent biases of stated preference approaches. However, for calculated treatment preference, we did assign a somewhat arbitrary cutoff (using the first-or second-ranked attribute), so we erred on the side of preference concordance. Other attributes besides the 4 that we used may be relevant to this decision.
Making a high-quality decision was more common among women who were white, were privately insured, had a high school education or less, or had a college degree. These findings suggest socioeconomic influences on decisions about breast reconstruction, consistent with findings of prior studies. [2] [3] [4] [5] [6] We are uncertain, however, why high school education was associated with decision quality. Participants undergoing mastectomy for prophylactic reasons made higher-quality decisions than did women who had a malignant neoplasm. This finding may be due to the longer time frame for decisions about prophylactic mastectomy and reconstruction. We defined high-quality decisions as those made with knowledge of at least half of the key facts and concordant with preferences. Some may ask why the definition includes knowledge, contending that if a patient values having a breast shape above all other attributes, then regardless of her knowledge, reconstruction is her preferred treatment. However, knowledge is often necessary for people to settle on preferences. 8, [29] [30] [31] For example, a patient who does not understand the experience of reconstruction may rate having a breast shape highly, but on fully understanding the procedure, she may reduce its importance. The minimal amount of comprehension that one needs to be informed is subject to debate. 29, 32 We chose half of the key facts as our criterion for knowledge because it is intuitive, has been used before for this purpose, 21 and errs on the side of categorizing patients as knowledgeable. Ultimately, the ideal approach to assessing decision quality remains unclear and would benefit from further research and discussion. This study took place at a single academic institution among a small cohort of relatively educated patients. Thus, its generalizability is limited. Assessment of decision quality in a larger, diverse sample, including community practices, would be valuable.
The finding of limited decision quality for breast reconstruction has implications for clinical care and policy. Surgeons should discuss the advantages and disadvantages of reconstruction. They should ensure understanding of the risk of complications because knowledge about this risk appears to be particularly low. They should assess how strongly a patient feels about having a normal breast shape in and out of clothes, weighing that against the downsides of additional surgery. Decision aids and decision coaching have proven efficacy, 7, 33 and several breast reconstruction decision aids now exist. 34-37 Adoption of shared decision making in practice has been limited, however, and needs to become a higher priority for surgeons for the decision about breast reconstruction.
Conclusions
A minority of patients undergoing mastectomy in our study made a high-quality decision about breast reconstruction. Much of the deficit in decision quality was due to patients undergoing reconstruction despite having preferences more consistent with undergoing mastectomy only. Shared decision making, including the use of decision aids, is needed for breast reconstruction.
